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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an MR head 
corresponding magnetic recording medium having a low 
error rate and a small off-track, and its treatment 
method. 

SOLUTION: This magnetic recording medium is provided 
with at least one undercoat layer, and a magnetic layer 
formed in this order on one surface of a nonmagnetic 
support, and a backcoat layer on an opposite surface. In 
this case, the thickness of the magnetic layer is set 
equal to/lower than 0.30 |im, center line average surface 
roughness Ra equal to/lower than 3.2 nm, (PI-PO) equal 
to/lower than 30 nm and (P1-P20) equal to/lower than 
50 nm when the center value of magnetic layer 
ruggedness is PO, the maximum projected amount of the 
magnetic layer is PI, and the amount of the 20th 
projection is P20, and the atomic ratio (N/Fe) of 
nitrogen and iron obtained by ESCA observation equal 
to/lower than 0.25. The surface of the magnetic 
recording medium is treated by a treatment method 




including the step of polishing the magnetic layer of the magnetic recording medium by a 
polishing tape, the step of smoothing the magnetic layer by a rotary drum, and the step of 
wiping out stains on the magnetic layer or the magnetic layer and the backcoat layer. 
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10.13GPa (100 Okg/mm^ ) W.±CD-t' > ^ *CD 

■tt^^i^iifiiis^* bV>CD{i. 10. 1 3GPa (1 0 0 Okg 

m^y"- rcQ^fr A^TS^ tC^-S>fc«>T-$)5, 
[0 0 3 0] *^;?|qI®i'>^^&MD. ♦g;i?[pICD-V> 
^*^TDi:bfeB§ODtb (MD/TD) AS0.6~1.8T- 

bV^MD/TD©^H{i. 0.6~1.2T% 0.6~l.OAs 
<tf)»Sb<. 0. 6 O~0. 8 0As$^(C$f^ UV^o CI© 

^•5*5^ K©h^>:^<>©At){H!l>!P^{±i{PJ)ra©i±5 

^, U-Tl/^— 5=-^ >^<5''f :7T-tt. 1.0~1.8A5^!f 
*b<. 1. 7*sj;»)^^b<. 1.2-1. 6*s^^> 

S<:&i)fc«)T-fe§. C©±a^lWtt^}t<*:t:(i. 

[0 0 3 1] <rmm>Tmm<^m^ii. o. 3~3. o// 

mAs$F^b<s 0. 5~2. 5;t/inAsj;(3jif^ 0.5~ 
2. 0/imAs$e>tCif*b<s 0. 5~1. 5//mAsv^■^^■5 

^if^bV'io C:®^HAS«^* bV^©(i, 0. 3 //m7fe?ST-{± 
Ma§3i^5®f*©W^14As^ < 7i !} . 3 . 0 /zm 

[0 0 3 2] TMSCfi. aiSttB[M©Be<)T-i;-;K> 

mm^. ^mm^(D±mwmnf-(Dmm-^AW^ bx. s 

SI 0~1 0 0 nm©*— ^>r^ -y^S: 1 5~3 5tt 
SWfiO. 0 5~0. 2 O^m. MWfi5~2 0 0 n 
m©IN«'tt®^<bt5tS 3 5-8 3 MS%> 'i:>Slift; bX 
JKSl 0 — 100 nm®T;i/5:>-^0— 2 Oafi%^# 
■j?:!^-^ h • • -t^^^y ^®±{Cff$J5K 
bfc?KttS®*Sffi^*^'J^$<^i)®T-$fS b<-^o 
4b\ #Mtt^'^b^tt3imt^ttT•fe§As^ iiSitt^fcttSS^ 
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Jg®INi^^4^fbt**ffifflt- SJ®^tC{±J|ag5-2 0 0 n 
m©^Yb^AW^ bV^„ 5S:ib\ «la©¥?tt4 ^fl^fefc^S 
t^tefflT• 1 0 0 nml:i.±©ASg*— :1t>:r^ >y^Sr^ 

^a•r•5c^:5#^■r■s4)®T•tt^^v^„ ^®j®-&®*— # 

>y<^S0 2 0SS%Xfe5o 

[0 0 3 3] T^fc:^AD^SA-;i^>7'5yi^ (W 
10 T, CBi:*)^.^) ilbXJi. rHr5=-U>7'^«y^> 7 

SSA^Snm— 1 0 0 nm©*)0#ffiffl^n-5 
A^v 1 0— 1 0 0 nm®.fe®A5ifS bV^, C©®H 
ASi(f^bV^©{±. ti—-myy'5>^y^1fi7.Y^^^'^-^ 
W-oXl^^^Tzlsbs SSA^l 0 nmWT{C?&Si:CB©^ 
t![ASiib<, 1 0 0nmJii±T-tt¥?ttt*5M<^i:5fcK) 
T-2fe5o CB^iD«fi. CB©^a^g{c J;oTM^eS 
A^ 1 5~3 5afi%AW* bV^o :i®^HAsi(f* bv^ 
®(i. 1 5 ag%*r«x(ia»«tS (S]±^mAss b < ^ 3 

20 . 5mm%^m^^ ti^ma^miT^rzisbr-ib^o m.mi 

5 nm— 8 Onm®CB^ 15 — 3 5fifi%^ffl1-?)© 
ASJ: t)ilf* b<s S@2 Onm— 5 0nm©CBS2 0 
— 3 Ofifl:%fflv^5fflAs$?>^c^!f^ bl-^o c©<ta;fe^S^ 

iHA^MilS^n, A^o^fTtr?>AS'>^<:feS» 
[0 0 3 4] TMJB{Cj^jD-r5|INi^f4®®^bl*i:bX 

a:^ ^^«®i®^^ mmm. o 5-0. 2 o //m. ^M:^ 

(3ISM) 5-2 0 0 nm®*)OASi?* b<> USttSfcH: 
M^ff^®4)®T-{i. ^g5-2 0 0 nmAW^bV%, «^ 
30 go. 0 5- 1 5 0 nmASifJjif* b<^ fegO. 0 5- 1 
0 OnmAS$^>{C$f*bV%<. :fe*>\ tftt®*)®ASMtt® 

®iarRlAsj;<^S®T-J;»Ji(fSbv>, ^Anaii. 35 — 

8 3aa%A5^!f^ b<. 4 o-s oaa:%Asj:f3i(fSb 

<. 5 0-7 5mM%AS$ie,{c^f^ bV^o :i©^H©!K 
g (fftt®^-&tt^Wl:^)*s»* bV^®(i. )|Sg5nm 

*?iT-tt±a-^i!cASiib<. 2 0 0 nm^m^^trm 

H®^SDaA5$f i bV^®{±. 3 5 Mi%*MT-{i^M^ 

m\si±mmifi'h^ < . 8 3msL%^m^^t&-oxmm 

[0 0 3 5] rmmizitmitmci]uxxT)vii-^wM 

bT^)J:V^o 7';i/5.:^©*ig{i. 10— lOOnmAs^f 
*b<x 2 0-1 0 OnmASJ:»3^f$b<^ 30-10 

0 nmAs$ ^{Cjf^ bV^„ C:®®HfflKgA5$f $ bl^© 
(i^ feg 1 0 nm^mx-iii^-^mifim b < . 1 0 0 n 

to-r-fes, T;^^■:^o^i^s^i, a^o-2oafi%-e 

feSAs. 2-1 oa«%ASJ:^5^^^*b<^ 4-8aM% 

As^e.^^l^fSb^^<, 

50 [0 0 3 6] <mmm>'fmmtmt^mt^^^^^mi?m 
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^^^bTo.5~4.oas%®]S«ae^^fe^w$■M■^ o. 
2~3. omm%<Dmmmmm(o:'^::^y'jv^-^m^-^^ 

[0 0 3 7] ilSWtCIv ^Mt£©*{Zjl:^L.TO. 2~3. 0 

0 . 2 sa%*?ST-tt^3«^igj®M3aj^A^'j^$ < , 3 . 0 a 

K o - ^ ^ !j ft < ^oiW^ffl d^fesfeto-r-feSo ^ 
fc'i;>®{ciSbT. ^?Kt4*&*^c?^bT3. ofiM%wT® 

mwimkm^^ < ^ i.©-c-»* bv^„ 3.0 «m%jwt© 
A^^^-r-sfefeT-feSo mmm-rs. KtbT^/vi/^?^ 

l^t--S*)©-r-tt:&V^, MR^>y K©P^^'f <J^i:©*^0^ 
iSttO.3 OWTtf»*b<> 0.2 5tJlT*sj;>)$ftb 
^,^„ ci©ISHAsj«^* bV>©{±. 0.3O$:«^Si:s 

(Dmmmmiito. 10-^0.2 5 ifin?^ I. o.i2~o.2 

0*SJ:f)^(f*bV^, C1®®H>!)S»^ bV^®«. 0.10* 
^fTi^^S^JCJfef). 0.2 5?fe^^^i:-v>> H*5J;l>-*f 

„si. ) / (/z^sus) ] ttO. 7~1. 3ifi»tV<. 0. 8~ 

1. 2As<t^)5f^bl^o ::®®H*s^^ bV'.ffltt, mM,y=- 

[0 0 3 8] <m\^m>m.^mcDm^it±m(Dj:oiz. 

mmo.3urai:XTX\ 0. 0 1 ~0. 3 /zmAW* b < ^ 0. 
0 1 ~0. 2 5 AmASi b<. 0.0 1 ~0. 2//mAs 

$?>«ci(Ft b<s O.O 1~0. 1 5/zm*sc>o^^JiF*b 
V^„ Z:©®HASJ: <3ifFS bV^®{^. 0. 0 1 //m^fiST-ii 
i9-*?i<4JlW#lc < < , 0. 3;um&Sx.Si:ff^}i* 
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^mtm^t(Dm (Brs) ifi:k^<^*)m^x. mr 

[0 0 3 9] ?^itB®«?^:*3H:, 12 0~3 2 0kA/ 
mAS»*b<> 14 0~3 2 0kA/mAS<fc5*f*b 

<. 1 6 0~3 2 0 kA/mAS^^^fC^if^ bV>o c:®^ 
m-tfi»t. bV^®(i. 12 0 kA/m*rST-(iB3^ig*S: 

M < -r s iiMm^mm-^m±ii&-Fiifimz d . 3 2 o k a 
10 r-^^o ^^:^f^<7)m^mMmmtm^(Dmm . 0 0 1 

8//Tm~0. 0 6/zTm*siif*b<> 0.0 0 3 6~0.0 
5 0>uTmAsj;t)if*b<s 0. 0 0 4~0. 0 4 5 /zTm 

A^^?>tiif* b<. 0. 0 0 4~0. 0 4 0//TmASV^o-? 
0^ifSbl^o C:®lgH*5ifF* bV>®tt. 0.0 0 18>aT 
m5fe«-e<±. MR^^yYlZji^n^tii±li)^'h^<. O.O 
6//TmSS;?.Si;MR^>i' b-{Ci:5S^tB^;*5Ma«*-^ 

[0 0 4 0] m\^mizmi}Q-r^m^mi^ii. ^m^m^ 

^(DUmtllt. 1 2 0 ~ 3 2 0 k A/mAW* b < . Ig 

mmitmii. ^m's^^^^^mm^x-it. 120-200 

A • /kg ( 1 2 0 ~ 2 0 0 e mu/s) b 
<. 130~180A-m^ /kg ( 1 3 0 ~ 1 8 0 e m 

*T-{i. 5 0~7 0 A • /kg (5 0~7 0 emu/ 
g) *i«^*bV^o ^®MttJi®i^M4tSi:^ 

^^M<Dm^<^itii. ^^rtii>wmmmmmmx-i^sii 

mmi. 2 8MA/m (1 6kOe) ■r-®a9^fii&v^^ 

30 ®T-feS<, 

[0 0 4 1] *^R§®?K^8B^«i*:{C<^ffl-r«.^ 
ilSI5t3^^««**®¥l^ftW«i: bTtt. 0, 0 3~0. 2 
/im*s»^b<. 0. 0 3~0. 1 8 AmA^iOffS b<. 
0. 0 4~0. 1 5,um*s^e,SCjtf^ bV\o C:®IEHAW^ 
bv^®tt> ¥*9:SWS*so.O 3//m5l5^i:>&5 4:. 

0. 2/zmJ;^);*c&v^i:. ^^a;bA5{£Tbs ^fefe? 
®;*c § $ t «-:5 < y ^ X AS;*; g < ^ S A> & T- „ 

40 tcit), tSg5~2 0 0 nmAW* bV^o ^^b\ ±fB® 

¥:^s$a*v nmt. M&mm^mmm (sem) 
If » bfe^*©iK^^-y-^ x<£^sij b. 1 0 0 <i®5pj^fii 
(cj;»)Alc»fc*)©T-$)So ci®^ai4tlfelS^JB*&*OB 
ETi±;aHm^ 3 5m^ /gti.±ASiifS b<. 4 0m 
^ /gW±*sj;t)»^ b<> 5 Om^ /gi:k±i)mi:» 
^bV^. A;5ffi/^U -i^A^i^-f h*&5fe®BEThfc«ta 

1~1 0 Om^ /gKi±ASS?^b<fflV^?,tli>. 
[0 0 4 2] TMSs i^t4»t$;g^-B-Si^^SiJt bT 

50 ag. mt:-;i/-tf-;uT;i/:3-;u^ta^1s}flgv JS-fbt: 
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>^ /lfU:t— 7^;i/7K>; •>^'^>^ 5^;i/7jtU3i;^ 

[0 0 4 3] Igfgaiib-rCOOH. SO3 M. oso 
2 M, P = 0 (OM) 3 , 0-P = 0 (OM) 2 [Mtt 
7J<:*I1^^ TJV'^V^m^&Kifriyi^l ^ OH, N 
R'R'\ N* R"' R""R""' CR' . R'\ 

R'" , R"'\ R'"" UTi^m^tztim^tTicmm . 

s^^^Tb^ i^tji^ov^ >mmm(Dm 

[0 04 4] ctife (Z)^-&^j}i. ^m'&m^ 1 0 0 am 

gPt*fbT, 7~50Saa5s if*b<a:l 0~3 5« 

agB®$BfflT-ffl^.^^^^So Ig-^i^Ji: bT. mif 
-;i/?^Mflg5~3 OliMgPi:, ^it 'J l^^ »©flg2~ 2 

[0 0 4 5] cnP>ffli^-&Sli:t4)K:, ^-^giji^t^* 

S#ffl-r-5©A5MS bO^. COD^m^Jtbttt. h'Jb 30 

bv>„ ^nfeo^^^Jii. Jg-^^ji oosaastc^fb 
■c. ii^i o~5 oaMa5®ilJ^T•fflv^?>ns, i^^m- 
*b<«ii o~3 saagPT-fes. ^43. j^ttjitcffiffl 
-rsisiii^jcDa*. T^«{c^ffl-r?>a® i/2Sjg 

(3 0%~6 0%) Mt4Jl*S(C#:a-rS* 40 

SJSOlgl^^J i)5'J>5& < f3 . ESC Af^^T-f# ^ n 5 a 
«i:l*©^^lt (N/Fe) ^0. 2 5 WTC b-^'l" < . 

■t-^FSbl-io CCD^HA^^f^ bV^©{±. 3 0%5^?gT- 

A5^<'&'3^-r<. 6 0%$r«^Si:Mf±«*H{c#ffi 
■r5*S;S®li§fil^PJ®aAS^<55:'3. N/FeSr/J^^< 

bT^^-<<5'-^c>^^■r■5»^^i^A5'J^$<'&•sfc»^c. l 

'&:*sS&«)T-$)i>. 50 
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[0 0 4 6] #mttiPi±i:«(a«?»ttiRi±^&aa<]{ctjfe3i5 

^5;^P©CB$:^An^?>o Ctit>©CBi: bT{±. T-b^ 

i|S^S*55nm~ 10 0 nmCD*)CD*s 
^m^ix^tf'^ 1 0 nm~ 10 0 nm(D'b(D1fiilf-t. 

^tCB<D^mi^mi^<. 1 0 OnmW±T-{±#aoC 

<^^»?. ^±i;^^^£TOllH^c^£?.fc«)T•$)S. ^Jaati^ 
5^tt*J*{3^bT0. 2~5M%AWSb<, 0.5~4 

«a%Asj:?)*f*b<. 0. 5~3. 5Ma%As$e,^c^(?* 

b<, 0. 5~3«a%*SV^o^^^lF*bV^o C:©IbH*5 

a%^Mx.scB^^ip-r€,i:, ?^se«H*5ffl<^t) 

[0 0 4 7] <7^>y^3-hJg>^=fTl4lfiI±SBS«JlC, 

i?$0. 2~0. 8 Amffltie3|5i^^P©7'N*>v^n— hJl<£ffiffl 
T-^?), C©^ISASftV^®{±, 0. 2/zm7fe?iT-tt. ^fr 
14|pI±amA5^5B^TN 0. 8>uin5®;t?.i:7^— 
*s»<55:!3. l#^}t»)©f3it§a*s/^^<«:Sfc»-e 

feSo ^'iy^-^i-vmtsustcDmm^mto. i o~ 

O.30*sjf^b<, 0. 1 O~0. 2 5»*bV>„ Z. 

®^H*iSf * bV>®<±. 0. 1 O^iSic/^Siirtf'f KD- 
^g|5^r-?t»)-¥>-r<^fT*s^S^lC'5:?), 0.3 0&^^ 

[ (>U»S1. ) / (//BSUS) ] ttO. 8~1. 5*5Jf^b<, 

0.9~l.4Asj;!j*f*bv>o c:©95H*s«^* bv^cD(±. 
[0 0 4 8] hJl®*— 4t>>^^>;^^ (C 

B) i:b-r<i> 7'-fe^^>y5>y^', 

iciit. ^S^gA^S nm~2 0 0 nm©*)OD*sffiffl$tlS 
ifi. 1 0 nm~ 10 0 nia(Di><DtfiJ: »jSf * bv>o 

CICD^HA^J: jif* b</>CD{i. te^l*si 0 nmJ.:ATJC^ 
Si:CB®^f(A5|8i_,<^ 0 0 nmJi;L±T-tt^ 

^tzibX-^^o >MaS*->l^>i:bT> 'JnSS;*j-^> 
0 5~1 5fia%. sags 0 0~4 0 0 nm®;*;!Kf:l* 

®ffii!]oa{±M^^»f*sa^aipic bT 6 0 ~ 9 8 sa% 

A5^(f*b<. 7 0~9 5fia%Asj;i3^(f^ L-V^<. 7n->><5' 
3— hJi©fti<C>^^jgaaffi^Ra«i3~ 1 5nmAs^ 
^b<, 4~1 OnmAs<t t)ifF*bV>. 
[0 0 4 9] ^fc. yN-'^/^'in-hjitctt, ^JSrS)±^i 
e^JtC, M^SA^O. 1 //m~0. 6;tzm©^'ft;^$:?Sin-r S 
®*s^^F$b<^ 0.2//m~0.5/zmASii3$ft bi^o ^ 
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b<^ 5~3 OfiS%*sj:i3»* 
[0 0 5 0] ;*:^B^©7^-7•S|a^^^^Ji^:e:*•^r>> hv"- 

(1) 

a—T)V5.i- (JKS : 0. 0 7//m) 

A— 3}^>yv >i'^ (MS : 2 5 nm. qStftfi : 5 5 g/cc) 

(^*-S03 Naa : 0. 7 X 1 0-*^M/g) 

(Tg : 4 0°C. #*-S03 Na* : 1x1 0-*^a/g) 

(2) 
(3) 



(9) «ifl2 00 2-140807 

16 

[0 0 5 1] 
[0 0 5 2] 



[0 0 5 3] 



6 8gp 

sgp 

2 435 
2. OSB 
8. Sgp 

4.495 

2 5g|5 

4 OgP 

1 OSB 

1SI5 

7 OgP 

5 095 

2 oa5 

4.4135 
1 035 
1 5195 
1 095 



(1) 

^i^tt^l^^JRI& (Co/Fe :20at%. Y/CFe + Co) :3at% 
.Al/CFe + Co) :5wt%. Ca/F e:0. crs :155A-m^/ 
kg. He : 1 49. 6kA/m. pH : 9.4. ftW 



0. 1 Oum) 



(^*-S03 Naa : 0. 7 X 1 O-^^S/g) 
:^ U J^;^ T^^l/zK y W <5' >1SBI 

(^*-S03 Natt: l.Ox 1 O-^^S/g) 
a-T;i/?:^ (¥±SiiaSI : 0. 1 2/zm) 
a-7';i/5:^ (¥±9!KS : 0. 0 7>L£m) 

(¥±9«Lg : 7 5 nm. D B Pl!S?(fiS : 7 2 cc/ 1 0 0 g) 



1 0 095 
12.3gB 

5. 5gB 



895 

295 
095 

295 
095 



1 



6 595 
2 4 595 



(10) 



17 



(2) 

[005 4] ±t3©TM«ffl^*4fiK^{C*5V^T ( 1 ) * 

^-r-?g^bfc®*,. (2) ^i}\i^xmW(D'^v-yY 
(3) €r^□;t«fli•^a3abfe^^ TMa^M^sti: b^o 

^l'>:h7^J'U— h^-f ;UA (JP^6.2/zm. MD=6. 
0 8GPa. MD/'TD=1.3. ^A«) 

«A ^ n - hmmmmmm 

■h—iT^y^^-yf? (^g : 2 5 nm) 
::d-4^>r^>^^ (MM: 3 7 0 nm) 
m.\m. (:^W«:0.4//in. fi&Jt 0) 

[0 0 5 6] ±I3/N->V^3— h»fflM3|stJ55,^^1t> F ^ 
>'l'T-?§g^F^4 5:9-i: LT^^bfc^. ^^U-fVi^T^ 
-M 5g|5^£Sn^-tA?'<^a-7-hjgfflMi|^?£ii3ibjSSiS 

{-s *l^>^^®Jpi^*^*s0. 5/zmi::fe5<td{C^ 

E 1 5 0 kg/cin®*fi^T-^®<bffl.a mM.i— h ^3 
T(^#V^fcttffiT-7 O-CT-7 2B#raa::->'><rbfc® 

[0 0 5 7] <LRT (7>ytf>^^/P— 4";— /T^-f 

( 1 ) ^ <v t: >y5!ra : H 1 fc?Nt-<t ^ C5Jf«7^— r 
(^-vf><75^-r) 3?&. iHlten— ;i/5(cj;oT?ia 40 

7^-:r3 0©i^f3:^(pl (i^^7^-:7^|f3iSJg : «i^T- 4 
OOm/min ) i:S^;^[pI(C 1 4. 4cm/'iiiin CDM^T*^ 

oog. mmy^—y3a:>9->y3>^2 5 0 gLLXm 

(2) D-^ 'j7f:^'-;uSfM : ^ liatC^v-riS 1 W (2 
5.4min) , il^e Omin^T- 2min|ii©^^feg-ffl#|ftT;i/ 
= ^D_^ (^:ftjS4 5jK. ^SlttxttSi) 50 
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8 5^ 



2. OgP 
1 6 Tgp 

j^»E[6i5!M«> ^•^-ri'Sffl^^Tse^*b^ 

-NMliT;5S5 (5kG) ^aSBb^ K^-f -^rtt-MM© 

mm^miSLmcD^mm 7 5 cm*^ e. n - N^taas ( 5 k 

G) &2»5 OcmfflPg-eiafMb-rff-ofco ^^tjiJKttl 
0 Om/^i: bfe. 
[0 0 5 5] 



8 Ogp 
1 OgP 
1 Ogp 
4 5gi5 
3 OgiS 
2 6 OgP 
2 6 OSB 
5 2 5gP 

iSjei 1 0 0 rpm) ^-B-T. mitm3 0 atC^bTS 
M^«9 0JS-eg85!ll$-e-2.Cii:tcj;!3. j^S»3 0aCD 

(3) ^ys^^ms : ^iK^ (cic-r-{±. ^vnm(D 

^m^hlyi^-) 9 5:. ?^»,7^-7'3 0 CDiSI !3;&[Rli:S 
*r?^|fiI{Cl4. Omm/min (Dm^xm*). \B\m»7 ■ 8X' 
hJgS 0 hiiXV^m'itm 3 0 aCDSHi; 

[0 0 5 8] SIMSfifJ 2 ~ 1 1 : 1 feV^ b« 

4©*mc^Sbfeci:^P^&. USE^s^iJ 1 t|H]«fcbT 
:3 > t a - <57 ffl - r ^ n ^ nf^M b o 
[0 0 5 9] It^c^J 1 : LRTKLS&frfcifejb^oifcih 

usE^aiiiiHiatcbTJtigt^^ijionvi^i-^ 

ffli^M7^-r*#Mbfe„ 

[0 0 6 0] ttKt^iJ 2 : L R TjaSCf^ tcTsB® b B 

m 2 > tri-<5'fflM^7^-r<&<'^bfc. 
[0 0 6 1 ] <LBTmm>mM,^~-y^4: O Om/:^ 

yu— ¥mm^ vxmimiA§m.i:)(DWi!iim^^f^\ mM. 
0 0 0 0. yiy-h'izamm^s aa^s^^tDtctthi^ 

->-^&ffii.\ 7efT7^>v3>3 OgT-iaLSSrffofc^ ± 
l3®J:ofcbTf#e.nfeiK^7^-r^. ;^3— h 'J >^i^ic 
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[0 0 6 2] itmm 3 *5J: VJtit^aj 4 : L B 1 

oEi iitmrns) ^j^u2om (it^m^) trofecii 

[0 0 6 3] ^mM7'-yiz-o\,^x(Dmmit. ut(d^ 
<PW5 0. m^th^is^n:3^^-iy-h^<Dm^>p 

W5 0. S^m:*7*5<tt>'^^-l'-h (ERT) CDiil^ 

5 0^1 i:ufeBt®^it^ s^tb;b{is itmmiy^-y^ 

OdBi:bfcB$®fil. m;b^{b*5<tt>'ERT^.fb{i:-€ti 

- y(Dmmm. ^ o d b i: u t tmn^ s i 

Ollffofc^CDflS-CfeS, 

Z Y G Ott«-iFLfflH*^«H«3g^W«mN e w V i e 
w5 0 0 0{;i^;^ftSae7tT^ffif3TS can L 
engt h^5>t£mT-SI«bfco Sa^^B^tt. 3 5 0// 20 
mx 2 6 0 /zmT-2&So tf^'MA^Kl^affl^ a i: 

b. ^'ffijfccDflaocia'Wit^Po . ft^cDaa 

^> P2> P3> P^ts Psn • • Pl^^ PzO^L' 

>tB$CZ) (Pi — Po ) (Pi — P2o> c <r*i 

-Po ) /Ra] &««)fco 

<MR-N>y KcQS^aifiJ;. ]6«a:®a!l^>D I (Digital 
Instrument )^±M®^4M'rD — 7'K^ig^^(Nano Scopea 
/Dimension-3100 Tapping mode AFM)T-. 8 0//mx8 30 
O/zmCD^S^SSiJ^b. jlS&^ y-f X^CDWiESbfc© 

m.. ^fTHu^®Bgi€fi<£Sij:^bfe, 

<M'ttJl i: ;^ ^ ^PsmiiX.n S U S i: ©^^{^iStcDa 

<SUS>^^g5inm©SUS t:> (SUSS 0 4) \zm. 
^7^-r^^jS9 0° . ?^fiO. 6 4NT-#(t. mm.y'- 

rcDm~'m¥S\^m^ms.2 omm/sec T-^f)iSb 1 om 
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<X^-f <J'*^3|4>^1-g7nijn©ALT I C©tr>{C^M5^ 

PI— @im<£2l»)ae2 Omm/'sec •^i^»)jSbl o^mwi 

<^^5Si43£i#**:®-\r>^^ (MD. TD) ®SiJ^>/hS 
§lo?i!Jt£l^^ ^«V^. 2 3-C. 

5 0%RHCDa|J^T-*.®M^ • §|o?B?)3i«^S!J^b 
Tzo im®«iJ^S$(il Oram. ?|o5it)i$JKl 0%55!(^ 
/^T-?|o3If). f#e.tifc^Jg©0. 3%^a^(Dfit^*)i: 
{c. 0. 3%ffi>'#tt*SffF{ffibfc. c:®i¥«it£3l4©ft 

< E S C AjiJ^>*®®x;^fi®i|t^tC{±E S C A^tff 
ffi*fflV^§:li:AW*bV^, VGtt«©XPS^W^S 
(ESCALABmarkll) Xi^igttMgK 
ai^, 2kV- 1 OmA©*f«^T-«iJ^bfeo 

Jis Jfe* (2p) . ^IS (Is) . 13^ (2 p) ®)lil¥T- 

-en-eti©«»[HiS{^ 5 0. 500^ 2 0(iit^»s )fc 

iSbTA^^jiiJ^^ffofeo 

[0 0 6 4] i:x±(Dm&mm^m.itii^^\^m.5iZ7r^-ro 

• //.^us : insi i: s u s ^(Dmmi^m. 

•Brd : M14»©SSSS*S&« (Br) (<y) 

i:©« 
•He: 

• BC : >'^•>y^^— hji 

• CB : :*-7K>7'^ >y<> 

• MD/TD : #5S^4^^#ft;©:^^^f^a®■1;'></^ (M 
D) i:$i:5-[Rl®-V>^* (TD) i:®lt 

• W&mmMnWLR a : ai4Jg©(p't^iS^i9«®iE^ R 
a 

[0 0 6 5] 
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^ji^i 


nm9i2 


^ttM 3 


B T S <p Tm) 
He (kA/m) 


0 . 15 
0 . 0 4 5 
15 7. 


0 . 15 
0 . 0 4 5 

1 5 7 


0 . 10 
0 . 0 3 0 
15 7 




0.10 
0 
0 

1 . 0 

2 . 0 


0 . 1 D 
0 

0 

1 . 0 

2 . 0 


0 . 10 
0 

0 

1 . 0 
2 . D 


rmm»i^ (Mm) 


1 . 8 


1 . 8 


1 . 1 


* I9d (Mm) 
TD CGPa) 
MD/TD 


PEN 6.2 
6.08 
1 . 3 


PEN 8. 2 
6.08 
1. 3 


775F 3. 0 
12.0 
1. 4 


BCJStigr (Mm> 

/Masc B (nm. saas) 

;^liCSC B (nm. SafiB) 


0 . 5 
2 5.50 
370^ 1 Q 


0. 5 
2 5.50 
970. 1 0 


0 . 5 
2 5.50 
370. 1 0 


^9 (Mm) 


8 . 6 5 


8. 6 5 


S. 8 


SBt5l-r— 3^^a (GB) 


— 2 0 0 


'^200 


"** 4 0 0 


W»7^-^5»»jaa (en/Bin) 
®5!l7- — ^^^ri^v/a^ (g) 
Wf^r--::^?^ a > (g) 
n-|?i<-fHt«^ Ra (Mm) 
l^iS€&(iao>. [e]l&iS£(rpB) 
y'^t •> a. jag 1? jftft (m/Min) 
LRTAl9@ft (lB)> 


4 0 0 
14. 4 

10 0 

2 5 0 
Al. 0.01 
60bb. 2200 
14.0 

1 


4 0 0 
14.4 

10 0 

2 5 0 
Al. 0. 015 
60flB. 2200 
14.0 

1 


4 0 0 
14. 4 

10 0 

2 5 0 
AU 0. 01 
60nB> 1100 
14.0 

1 


9f^S€^Ra (nm) 
(P 1 - P . ) (n m) 
(Pi - P..) (nm) 

M .... 

{ ( M ». 1 ) ✓ Cm Bill.) ) 
{ <iia>i ) y Cm sa. b) ) 
C <Pi - Pi ) /Ra 


2 . 3 
2 4.8 
1 . 2 
0. 2 0 
1. 1 
1 . 2 
8. 9 


3 , 1 
2 9. 8 
1 . 8 
0.21 
1. 2 
1 . 4 
8. 0 


2 . 5 
2 7.5 
1. 5 
0 . 2 1 
1 . 1 
1 . 3 
9. 3 


N/F B ClH=f ft) 


.0 . 2 


0 . 2 5 


0 . 2 3 


C 1 XF e (m^ifc) 


1 . 6 8 


1.67 


1. 0 9 


lam^frpws 0 cffi^a> 
IOIsI3fe^fl7-^-^(EB^> lo" 

h ^ y ^ («) 


0 . 2 
+ 3. 0 
0 . 0 8 
0 . 0 6 


0. 8 
2. 5 

0. 2 

0.12 


0 . 7 5 
2 . 7 
0 . I 
0.0 9 


looiuife^taow^as^ (dB) 

100[sljfe??a©BBT 10-' 


+ 0. 2 
0 . 0 9 


- 0. 2 
0. S 


+ 0 . 0 
0. 12 


loofHi^frifeoMs^y f^mmm 

( n m) 


5 


1 3 


1 3 
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Bra (/iTm) 
He (kA/m) 


0,10 
0 . 0 3 0 
15 7 


0. 1 0 
D. 0 3 0 
1 6 7 


0 . 10 
0 . 0 3 0 
15 7 




0 . 10 
0 

0 

1. 0 

2 . D 


0 , 10 
0 
0 

2. 0 
2 , 0 


0. 10 
1. 6 
0 

1. 0 
2 . 0 




1 . 1 


1 . 1 


1 . 1 


TD CGPa) 
MD/TD 


Jylf 3 0 

12. 0 
1. 4 


77 3.9 
13.0 
1. 4 


#7«r a. SI 

12.0 
I. 4 


BCS$ C/im) 


0. 6 
370^ 1 Q 


0. 5 
2 5 > 5 0 
370^ 1 0 


0. 5 
8 5^50 
370, 1 0 




5. 6 


5. 6 


5. 6 


«j<l5^-:/$ft (GB) 


^400 


'^400 


Ann 


aAf-7iSt>iSft (■/■in) 

efJ»T--:?^7^>£^9 > (g) 
n->9*4-**rjt^ R a m) 

LRTASaik cs> 


4 0 0 

14, 4 

10 0 

2 5 0 
kU 0.005 
60iiB^ 1100 
14.0 

1 


4 0 0 
14.4 

10 0 

2 5 0 
SUS . 0. 01 
GOiiM^ HOD 
14.0 


4 0 0 
14.4 

1 0 0 

2 5 0 
AITIC , 0. 01 

VVBKx IX. till 

1 4. 0 


4l1£Si&ffRa (nm) 
(P I -P. ) (nm) 
CP I - Pn) (nm) 

/i m*mm 
« /I... )/( tf....> » 

{(;/..•) /Cp 1...) } 
C (P . - P, ) /Ra 


1 . 9 
15.8 

0. 8 
0.19 

1. 0 
1 1 

3 


2 . 4 
2 6*5 

1. 6 
0.2 2 

1. 1 

1 , 3 

1 i! 0 


9 9 
2 5.5 

1.0 
0.20 

0. s 

0 II 

a 1. 0 


N/Fe .(JS'^ifc) 


0 . 15 


0 . 2 4 


0 SI 


Cl/Fe (S^lt) 


1 . 6 7 


1. 0 9 


1, 6 7 


tdSstffPWS 0 (««fi) 
fillHlitfriJ-l'-KEBT) 10- ' 


0.05 
3. 4 
0.0 5 
0.04 


0. 7 5 
2. 6 
0 . 10 
0. 1 0 


0. 6 5 
2. 9 
0 . 10 
0.08 


loo^j£^f»©B*a* CdB> 

lOO0jfe*taoEM 10-' 


+ 0. 4 
0. 0 4 


- 0. 0 
0.14 


+ 0. 1 
0. 1 1 


lOOIfilit^aoiEA. y KtfftS 
(n m) 


3 


1 1 


1 0 
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B r 8 ( T m) 
He (kA/m) 


0 . 10 
0.030 
15 7. 


0. 10 
0 . 0 3 0 
15 7 


0. 1 0 

0 . 0 3 0 
16 7 


iNml-h (fifi$) 


0 . 10 
0 

0 

1 . 0 
2 . 0 


0 . 10 
0 
0 

2 . 0 
2 . 0 


0 . 10 

1 . 5 
0 

1 . 0 

2 . 0 




1 . 1 


1 . 1 


1 . 1 


TD <GPa) 
MD/TD 


T75F 3. 9 
12.0 
1 . 4 


7?$F 3.9 
12.0 
1. 4 


jyif 3. 9 
12. 0 
1 . 4 


iZtSL^C B (n Sfi^) 


0 . 5 
2 5.50 
370. 1 0 


0 . 5 
2 6.50 
370. 1 0 


0 . 5 
2 5.50 
370s 1 0 


( <i m) 


5. 6 


5. 6 


5 . 6 


S^Ht^ — CGB) 


'^400 


«^ 4 0 0 


<«M 4 n n 
9 u u 


(cB/oin) 

W»7^-:^T-> '> a > («) 
D-H**-WH> R a ( iM m) 
^^SCniD)> @(£iS£(rpni) 
7-^ S/r^jaSOJSk (na/nln) 
LRTi&9@jtt C@> 


4 0 0 
1 4. 4 
10 0 
2 5 0 
kU 0.005 
120IDD. 2200 
14. 0 
1 


4 0 0 
14. 4 
10 0 
2 5 0 
SUS . 0.005 
I2O1111 w 2200 
14. 0 
1 


4 0 0 
14. 4 
10 0 
2 5 0 
AITIC 0. 005 

14. 0 


QBI^ffi^^Ra (nm) 
(P 1 - P . ) (nm) 
<P 1 - Pi.) (nm) 

I (;»».. ) / (p....) } 

C (Pi - Pi ) /R a 


1 . 4 

Ilia 

0 . 6 
0. 1 9 

1 . 0 
1 . t 
8 . 0 


1 5 
12! 1 

0. 7 
0 . 19 

1. 2 
1 3 

13! 1 


1 . 2 
9 ! 9 
0. 5 
0.2 0 
0. 8 
0 . 9 
8! 3 


N/F e (A?ifc) 


0 . 12 


0 . 14 


0 . 10 


CI/Fe (S^tt;) 


1.6 9 


1 . 6 8 


1.6 0 


WIDjfeff PW5 0 («*»fi) 


0.60 
3. 9 
0. 0 2 
0.0 4 


0 . 6 2 
3 . 7 
0 . 0 3 

0 . 0 5 


0 . 5 5 
4 . 0 

0. 0 1 jyr 

0.0 2 


loo@*^Taco|^^tb:^ (dB) 

lOOlaljfe^TftOBBT 10-' 


+ 0. 6 
0.0 2 


+ 0 . 5 
0. 0 3 


+ 1. 0 
0. 0 1 JB(T 


lOO0^?fa<OllB'>.y Kffi^JI 
(n m) 


2 


3 


1 
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1 0 


nyi^m 1 1 


B T 5 CtfTm) 
He CkA/m) 


0 . 10 
0 . 0 3 0 
15 7. 


0 . 1 J5 
0 . 0 4 5 
15 7 


^^1&^<0&^& (/izn) 


0 . 10 
1 . 5 
0 

1 . 0 

2 . 0 


0 . 10 
D 

D 

1. 0 
2 . 0 


T%iaii$ (/Jin) 


1 . 1 


1 . 8 


T-D (GPa) 
MD/TD 


3. a 
12.0 
1. 4 


PBN 6. 2 
6. OS 
1. 3 


/Mfr^C B <nm> Sfifi?) 


0 . 5 
2 5 > 5 0 
370. 1 0 


0 . 5 
2 6^50 
370^ 1 0 




5. 6 . 


8.65 




^400 


2 0 0 


««f-7 J» »} iSft (B/Hn) 
W»T^-:/«S&5aK (CB/iin) 

W»T" — -rT^ > -> 3 > <g) 

7--f -V^aSOiSfi (BB/Min) 
LRTJft9|g|Sk ((3) 


4 0 0 
1 4. 4 

1 0 0 

2 5 0 
AITIC 0. 005 
I2O1U1 ^ 2200 

14. 0 
3 


4 0 0 
14. 4 

10 0 

2 5 0 
Al^ 0. 02 
6D]ia<« 2200 
14.0 

\ 


df^M&ARa (nm) 
CPi - P. ) (nm) 
<P, - Pii> Cnm) 

fi .... 

{ C a 1 ) / ( ^ .■oi> ) 

( C fl 1 ) / C/feiHB^ } 

C CP , - P • ) /R a 


0 . 7 
5 . 5 
0 . 4 
0 . 2 2 
0 . 8 
1 . 0 
7. 9 


3 , 0 
29! 9 

5 . 0 
0.20 

1 . 1 

1 2 

10 


N/F e Cfi?Jt> 


0 . 0 5 


0 . 2 5 


Cl/Fe cm^M:) 


1.0 5 


1 . 7 


«J0jfe?f PW5 0 cta^tt) 
4PV@«ff||^m;^ CdB) 
«?lHljfeffi7-v-KERr> 10-' 


0. 1 
4. 5 
0.01 
0.01 


0 . 8 5 
+ 1 . 5 
3 . 0 
0 . 0 8 


100[iI^?T«O||^a5;f7 CdB) 
lOOia^feff^OEEI 10-' 


0. 0 
0.0 2 


- 1. 0 
5. 0 


lOOm^fT^iDIE'N V KffJ^ft 
Cnm) 


1 


1 0 
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29 30 











ifctt«!4 


Bra (/I Tm) 
He (kA/m) 


0.15 
0. 0 4 5 
1 S 7 


0.15 

0. 0 4 5 
15 7 


0.15 
0 . 0 4 5 
15 7 


0. 16 
fl 0 4 s 
.15 7 


/^Aifi' «7U (*fi») 
i77»> (£ft9) 
Af7ly (fittS) 
sK9^t$a^-h (fiftS) 


0. 10 

1. 5 
0 

1. 0 

2 . 0 


0 . 10 
li 5 
0 

1. 0 
2 ^ p 


0 10 
1.' 5 
Q 

1. 0 

9 n 


n in 

0 
0 

L. 0 
Z . 0 


T&Ji9$ (miu) 


1 . fi 


1 . 8 


1 Q 


. 1 . 8 


~' tJ TT \ #■ u& / 

TD (GPa) 
MD/TD 


?B1I 0.8 
6. 0 4 
1. 3 


PRV R 9 

6.0 8 
1. 3 


rlSR 0. Z 
ft. 0 8 

1. 3 


FSN 6. 2 

6 . 0 8 
1. 3 


BC9$ (;cm) 
<MiSC B ^nm, SS«) 
^ItSCB (nia> &fi«) 


0. 5 
2 6^50 
370^ 1 Q 


0, 5 
Z 5. 6 0 
370^ 1 0 


0. 5 
2 5^50 
370. 1 0 


1. 5 

2 5> 5 0 
870. 1 0 


(#m) 


8. G 5 


8. 55 


8.6 6 


6. 6 5 




9 A A 
^ 2 II II 


~ X 0 0 


• ~ 3 4 0 


3 4 0 


«»f--:r^»3affi (ci/iift) 

»ftx-:/'T->>3> (g) 
«f*f'-'/f' s > Cg) 
li-M*<-»«jr> Ra (flm) 
^SS(u)> @liajr(riHi) 
(■■/■in) 
CIb]) 


LRTA&9 
tit 


4 0 0 
14.4 

1 0 0 

2 5 0 

Alt n 
L 4. 0 


4 0 0 
1 4. 4 
10 0 
2 5 0 

1 4. 0 
1 D 


4 0 0 
14.4 

1 0 0 

2 5 0 

M IB 

14.0 
8 0 


flIltMfiSRa Cam) 
CPi -Pi ) (nm) 
(Pi -Pii) (nm) 

{ (/I..I ) / («-...) I 

{ (/I.-1 ) / (Ufti..) 1 

[ (Pi -Pi ) /R» 


4 . 5 

5 s! 1 

S, 5 
0.3 2 
1. 8 
8.2 
1 2! 2 


3 , Q 
4 2] 5 

B. 1 
0.3 1 

1. 6 

6 • 0 

10.0 


ft V 

3 8.8 
4. 5 

0.3 0 
1. 4 
s ■ 9 

1 0. 3 


2 . 6 

2 1 
4. 2 

0. 2 5 
1, 4 
1 . B 
8. 1 


N/Fe (R7it:) 


0 . 4 0 


0 . 2 B 




A 9 9 
0 . Z 6 


Cl/Fe (Ji^ifc) 


1. 7 0 


1- 7 I 


1.69 


1. 6 7 


toia*ifPW5o (la^tt) 

(dB) 

(») 


1. 0 
0. 0 
S 0 
0. 2 


0.9 5 
0. 2 
3 5 
0.17 


1. 2 
0. 5 
2 1 
0. 15 


1. 0 
i, 5 
1 0 
0.12 


lOOlBlj^ffttOll^tb^ (dB) 
ICOIal^fTftOEST 10"' 


-3. 0 
1 0 0 


-2.4 
6 5 


-2.2 
4 2 


-1.0 
1 2 


( nm) 


2 5 


2 0 


1 6 


1 5 



[0 0 7 0] 

Po . KmttJS®«>ccDi£hM^£Pi . m2 0SB©i!}jS 
SP2oi:UfcB#CD (Pi-Po ) AS3 OnmWT^ (Pi 

-P20) AS5nmJ-:iTT% *^oE S C A«^T-» 

^mmhmcom^it (n/fo) a^o. 2 5y.T$)SiK^ 

ffttc (Pi -P20) §1. 8 nmWTi: 



RT (5>yb->^/D— U/7^-f 'J'i^J.) ^aS®— fiaj 
^^ t-«BSx ?i HIT- 5 o 

[0 3] m2(DY-Ymx'wmvtzmv&mmmx'^^o 

3 mm^-y (^^>t:></7^— 

6 He K^A (n— ^' •;:*;'f — 
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